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INTRODUCTION

Strong velocity pulses can cause extensive 
damage to buildings and structures at certain peri-
ods; therefore, knowing the period and velocity 
amplitude of such pulses is critical for earthquake 
structural engineering. In this study, we character-
ize the pulses using the analysis of Shahi and 
Baker (2014). We investigate the pulse origins 
using the empirical observations, kinematic simu-
lations, and dynamic rupture simulations for mod-
erate-to-large earthquakes. Our results show that 
the pulse origins are more complex than just the 
directivity effect. The various factors also affect 
the wave interference. The heterogeneous slip 
(asperity) and the fault mechanism are critical fac-
tors in future evaluations to generate or influence 
the velocity pulses.

IDENTIFICATION OF STRONG VELOCITY PULSES

1. Extract strongest pulse by wavelets analysis
2. Use Pulse Indicator (PI) to define pulse-like or nonpulse-like

1979 Imperial valley earthquake Shahi and Baker, 2014

A selection of rotated time histories showing a strong pulse (black 
curves) or non-pulse (green curves) in the 2023 Pazarcik earthquake.
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- Pulse periods show a positive 
correlation with earthquake magni-
tude and show a high within-event 
variability.

- Pulse periods of the large events 
(M>7.5) distribute in 1s to 15s at all 
distances without a dependency to 
rupture distances.

PULSE PERIODS ACCORDING TO MAGNITUDE

PULSES SPATIAL DISTRIBUTIONS

2023 Pazacik earthquake

The spatial distributions of the pulses for both earthquakes show a large variability of pulse 
period, velocity, and orientation in the observed data. Most of them are observed on the 
forward rupture propagation and associated with the asperity properties and rupture-site 
configurations. 

**Arrows on circles: the orientation of the strongest pulse
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Fault-Parallel or Fault-Normal?

The pulse orientations show a large vari-
ability in the near-fault region (Rrup > 5km) in 
the 2023 Kahramanmaras earthquake dou-
blet and also those obtained from SB2014 
(Shahi and Baker, 2014) and YEN2022 
(Yen et al., 2022) at all distances.

ORIGINS OF THE PULSE

Static offset

dark outline: 
2016 Kumamoto mainshock
light outline: 
2010 Darfield earthquake

Analysis of kinematic simulations

Asperity location/size? 

Rupture velocity?
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FN velocity in the 1989 Loma Prieta earthquake

Tv : indicates the pulse period 
( Rodriguez-Marek and Bray, 2006).

Fault mechanism?

- Rupture velocity affects the pulse 
amplitude and periods at the sta-
tion on the rupture direction.

- Pulse orientations strongly depend 
on the fault mechanism and the 
relative location of the station to 
the fault.

Site effects
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model VI. model VII.
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- Pulse velocity amplitude and the pulse 
period are controlled by the distance to 
the asperity, the azimuth between rup-
ture direction of the asperity and sta-
tion, and slip and rupture velocity het-
erogeneity.

Directivity effect

Poiata et al., 2017
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Synthetic data from Jia et al. (2023)

Pulses of 2023 Pazacik earthquake from dynamic rupture simulations

*the model of Jia et al. (2023) in higher resolution 
(numerically accurate to 5 Hz)


